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The Buton Asphalt or Asbuton is natural rock asphalt that deposited on South Buton Island in 
southeast Sulawesi Island, Indonesia. The refining process reduces the mineral content to produce 
the liquid Asbuton. Porous asphalt is an asphalt pavement that has enough voids within to allow 
water to pass freely through it. This paper reports on experimental investigation conducted to 
determine the influence of sea water on the mechanical properties of porous asphalt containing 
liquid Asbuton. The specimens were immersed in sea water up to 40 minutes at temperature of 600C. 
Contain of liquid Asbuton was varied from 4.5% to 6.5% at 0.5% interval. After removed from sea 
water, the raveling resistance, stability and flow of porous concrete were investigated. Porous 
asphalt containing of 6.5% liquid Asbuton had the normal traffic load bearing capacity in sea water 
with hot temperature of 60°C.  
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1.   Introduction 
In Indonesia, some time heavy precipitation of high intensity rainfall and 
high tide create water ponding on road surfacing in the low land area that near by 
the sea. This problem could be overcome by using Porous asphalt as a wearing 
course of pavement.  
The structure of porous asphalt differs from dense asphalt. It consists mainly 
of open graded coarse aggregate with small amounts of sand and filler. Open 
graded aggregate is the principal ingredient of porous asphalt. The porosity is 
ranging from 15% to more than 20%. The prominent advantage of porous 
asphalt is its porosity where in rainy conditions, porous asphalt rapidly absorbs 
rainfall like a sponge and leads it to a drainage system. It reduces splash and 
spray also keeps its friction value as grooved concrete, so vehicles do not slip. 
Hence, porous asphalt is attracting attention for its advantages of improving the 
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driving comfort, safety traffic and accident reduction. Another advantages is it 
effective in noise reduction. Its ability to reduce runoff can be used to influence 
hydrology and other environmental effect [1].  
There are several places in South Buton Island in southeast Sulawesi Island, 
Indonesia, deposit natural rock asphalt in large quantities. The rock asphalt is 
called as Buton Asphalt or Asbuton. This rock asphalt basically consists of 
approximately 30% of bitumen and 70% of mineral such as limestone or 
sandstone. A new refining process reduces the mineral content to produce the 
liquid Asbuton. No addition of the pure petroleum bitumen in the production of 
the liquid Asbuton [2]. 
This research conducted some experimental investigations to determine the 
influence of sea water on the raveling resistance, the stability and flow of porous 
asphalt containing liquid Asbuton. It is part of ongoing project that study the 
potential use of liquid Asbuton as asphalt binder in production of porous asphalt. 
 
2.   Materials and Experimental Methods 
2.1.   Standard Test Method for Rheology Properties 
The bituminous asphalt binder content is generally considered to be the 
governing parameter, which affects the mechanical properties of asphalt 
pavement. Hence, it is important to provide the information concerning the 
rheological properties of liquid Asbuton. Standard methods for measurement of 
rheological properties are shown in Table 1.   
 
Table 1 Standard test methods for rheological properties 
No. Properties Standard 
1. Penetration at 25°C ASTM D5-06e1 
2. Softening point ASTM D5-06e1 
3. Ductility ASTM D113-07 
4. Solubility in C2 HCL3 ASTM D2042-09 
5. Flash point ASTM D1310-01 (2007) 
6. Specific gravity ASTM D70-09e1 
7. Loss on heating TFOT ASTM D1754/D1754M-09 
8. Penetration after loss on heating ASTM D5-06e1 
9. Viscosity 170 Cst ( Temp. mixing ) AASTHO-27-1990 
10. Viscosity 280 Cst      ( Temp. compaction )                       AASTHO-27-1990 
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2.2.   Physical Properties of Aggregates 
The physical properties of aggregates are shown in Table 2. This research 
utilized the open graded crushed stone and the river sand as coarse aggregate and 
as fine aggregate, respectively. A small amount of sand was added to form a 
matrix that controls the cohesiveness and flow of mixture. 
 
Table 2 Physical properties of aggregates 
No. Properties Crushed stone Sand 
1 Sieve Analysis (% pass) 
3/4" 100 100 
1/2" 62.83 100 
3/8" 38.71 100 
No. 4 - 17.32 
No. 200  - 7.76 
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Specific Gravity 
a. Bulk / Dry 2.60 2.55 
b. Surface Saturated Dry 2.65 2.61 
c. Apparent 2.74 2.71 
d. Absorption 1.89 2.35 
3 Abrasion (%) 25.72 - 
4 
  
  
Unit Weight 
a. Loss 1.30 1.08 
b. Compact 1.49 1.32 
5 Flanknes (%) 10.23 - 
6 Sand Equivalent (%) - 85.71 
 
2.3.   Mixture of Porous Asphalt 
There were some trial mixes and the preliminary tests were conducted to gain the 
composition of porous asphalt. Porous asphalt was designed with porosity of 
20±5%. The porosity is the volume of the air voids as percentage of total volume 
of a specimen. Contain of liquid Asbuton was varied from 4.5% to 6.5% at 0.5% 
interval.  
2.4.   Specimen Preparation 
The standard Marshall mold with capacity of the 1,200 g sample was used to 
prepare the specimens. All specimens were compacted with a Marshall 
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compactor using 2x50 blows. The specimens were immersed in sea water up to 
40 minutes at constant temperature of 60°C. 
2.5.   Evaluation of Resistance to Raveling (Cantabro Test) 
The binding failure between bitumen and coarse aggregate is initiated by the 
abrasive action of vehicle wheel on pavement surfacing. This phenomenon leads 
to a particle loss type known as raveling. Raveling of coarse aggregates or part 
of porous asphalt from the pavement structure is attributed to the large voids and 
interconnected void within the porous pavement. The Cantabro test was 
conducted to evaluate the cohesion of the mixture and the resistance to raveling 
or material loss of porous asphalt mixture. Some recommendations of doing 
Cantabro Test are describe in Table 3[11]. 
 
Table 3 Recommendations for Cantabro test 
No Institution Material loss 
1 NAPA IS 115 
(National Asphalt Pavement Association ) 
At a temperature of 250C, it shall 
not exceed 30%. 
2 PIARC Technical Committee 
(Permanent International Association of Road 
Congress) 
It must be less than 30% for a test 
temperature of 18%, and 25% 
(sometimes even 20%) for a test 
temperature of 250C. 
3 NCAT Report No. 2000-01 
(National Center for Asphalt Technology)  
At a temperature of 250C, the 
recommended maximum 
permitted material loss value for 
freshly compacted specimens is 
20%  
4 JKR Malaysia (REAM-SP5/2008,  
Road Engineering Association of Malaysia)  
At a temperature of 250C, it shall 
be not more than 15%. 
 
2.6.   Stability and Flow Tests 
Stability and flow are the important parameters for determining the distortion, 
displacement, rutting and shoving developed in the pavement. Stability and flow 
tests were performed according to ASTM D6937-06. The purpose of the stability 
and flow test in this investigation was to assess the resistance to compression 
load at hot temperature service conditions and after immersed in the sea water.  
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3.   Results and Discussion 
3.1.   Rheological Properties of Liquid Asbuton 
Table 4 shows the result of rheological test. Penetration value of 47.3 (unit: 0.1 
mm) shows that liquid Asbuton was harder than the pure petroleum bitumen with 
60/70 penetration grade. Result of test for solubility in C2 HCL3 pointed that 
liquid Asbuton consisted of approximately 30% of mineral and 70% of bitumen. 
Density value of liquid Asbuton was 1.26, it was higher than the value of pure 
petroleum bitumen. It is caused by the mineral content within the liquid Asbuton. 
 
Table 4 Rheology properties of liquid Asbuton 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.   Porosity 
Figure 1 shows the relationship between liquid Asbuton content and porosity. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.Relationship between liquid Asbuton content and porosity 
No. Properties Value Unit 
1. Penetration at 25°C 47.3 0.1 mm 
2. Softening point 57.25 °C 
3. Ductility 67.45 cm 
4. Solubility in C2 HCL3 72.9 % wt 
5. Flash point 201.4 °C 
6. Density 1.26  
7. Loss on heating TFOT 1.41 % wt 
8. Penetration after loss on heating 76.33 % 
9. Viscosity 170 Cst ( Temp. mixing ) 169 °C 
10. Viscosity 280 Cst   ( Temp. compaction )                          152 °C 
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Porous asphalt with liquid Asbuton content of 4.5%, 5%, 5.5%, 6% and 6.5% 
had porosity of 22.1%, 20.9%, 18.7%, 18.03% and 17.3%, respectively. These 
values met the design porosity of 20± 5%. Mineral within the liquid Asbuton 
became as filler within the mixture.  The addition of liquid Asbuton increased 
the filler that fill the microvoid within the porous Asphalt, resulting in the 
reduction of porosity volume as pointed in the Figure 1.    
3.3.   Effect of sea water on raveling resistance, stability and flow 
3.3.1.   Raveling resistance 
At the end of sea water immersing, all specimens were removed from sea water 
bath, left to be air-dried and perform the testing for raveling resistance, stability 
and flow. Figure 2 shows the Cantabro test results. Percentage material losses 
obtained were 72.5%, 67.4%, 54.0%, 30.6% and 12.0% at 4.5%, 5%, 5.5%, 6% 
and 6.5% of liquid Asbuton content, respectively.  The result showed a 
decreasing trend for the material loss as asphalt content increased. It was 
attributed to the increase of bonding strength between asphalt film and coarse 
aggregates.  
The Cantabro test result points that the asphalt porous with 6.5% of liquid 
Asbuton content met the recommendations of NAPA, PIARC, NCAT and 
REAM. At 6.5% of liquid Asbuton content, a good adhesion between the liquid 
Asbuton and aggregate was established and it optimally prevented the porous 
asphalt to raveling and to stripping by the action of sea water. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Cantabro test result 
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3.3.2.   Stability and flow 
Figure 3 shows the results of stability test. Porous asphalt with liquid Asphalt 
content of 4.5%, 5%, 5.5%, 6%and 6.5% had stability of 948kg, 1050kg, 1257kg 
1421kg and 1504 kg, respectively. The increase in stability was achieved from 
two factors. The reduction of porosity volume and the increase of film asphalt 
layer that covered and held the coarse aggregates together.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Result of stability test 
 
Figure 4 shows the result of stability test. Porous asphalt with liquid Asbuton 
content of 4.5%, 5%, 5.5%, 6% and 6.5% had flow of 3.16mm, 3.5mm, 3.95mm, 
4.44mm and 4.64mm, respectively. As pointed in Table 3, some part of the 
rheological properties such as penetration, softening point and ductility show 
that the liquid Asbuton was slightly difficult to deform. Hence, the addition of 
liquid Asbuton content within the mixture did not give a significant effect to the 
flow of porous asphalt. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Result of flow test 
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Result of stability and flow tests revealed that the porous asphalt containing of 
6.5% liquid Asbuton can bear the normal traffic load after flooded by sea water 
at hot temperature of 60°C.  
4.   Conclusions 
After immersed the porous asphalt with different content of liquid Asbuton in 
sea water at hot temperature of 60°C, some of its mechanical properties were 
investigated. The test results pointed that the optimum liquid Asbuton content 
was 6.5% as immersion in sea water, raveling resistance, stability and flow were 
considered.  
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